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ABSTRACT 


An  •mpirical  rnlatlonshlp  b«tMre*n  th«  area  in  which  a  given 
doaage  ia  equalled  or  exceeded  and  the  value  o(  the  doaage  itself  is 
developed  using  Green  Clow  data.  It  is  found  that  the  logarithm  of 
the  arei.  is  nearly  a  linear  function  of  the  logarithm  of  the  dosage 
divided  by  *hw  ?'«urce  strength  and  multiplied  by  a  representative 
wind  speed.  These  results  differ  only  slightly  from  similar  results 
obtained  from  Prairie  Crass  data. 

Observations  of  the  time  of  first  arrival  of  the  tracer  near 
ground  level  at  distances  of  8  and  16  miles  f|om  the  source  Indicate 
that  the  tracer  material  which  first  arrives  has  travelled  with  a  wind 
speod  greater  than  the  surface  wind  (about  IS  ft).  It  would  be  nec* 
essary  to  have  wind  speed  measuremonta  between  SO  and  100  ft  above 
ground  in  order  to  estimate  the  time  of  first  arrival  at  these  distances 
even  though  the  source  is  no  higher  than  IS  ft. 
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PREFACE 


During  th«  Summer  of  1959  a  aoriet  of  diffusion  expc  riuients. 
jointly  sponsored  by  the  U.  £.  Air  Force  and  the  U.  S.  Atomic  Energy 
Commissio‘1,  was  conducted  on  the  Haiiford  reservation  of  the  Commis¬ 
sion  in  southeastern  Washington.  The  program  had  been  nicknamed 
Green  Clow,  a  name  which  reflects  the  use  of  a  pigment  tracer  that 
exhibits  a  green  fluorescence  under  ultraviolet  light. 

The  following  organizations  participated  in  the  program: 

t.  Hanford  Laboratories  Operation,  Hanford  Atomic  Products 
Operation,  General  Electric  Company 

2.  Texas  A  li  M  Research  Foundation 

1.  6th  Weather  Squadron,  4th  Weadier  Croup,  Air  Weather 
Servicr 

4.  Geophysics  Research  Directorate,  Air  Force  Cambridge 
Research  Center 

The  objective  of  the  experiments  was  to  determine,  «>s  a  function 
of  meteorological  conditions,  the  huricontal  and  vertical  diffusion 
n>*tern«  r.f  a  particulate  tracer  emitted  continuously  from  u  source 
near  ground  level.  The  horizontal  patterns  ware  sought  tiut  to  a  dls> 
unce  oi  about  16  miles  and  the  verticl  patterns  to  a  distance  of  about 
2  miles. 

The  purpose  of  this  Survey  is  tc  provide  answers  to  tne  following 
specific  questions  of  significance  to  the  Al*  Force; 

1.  For  a  given  noean  dotage  of  a  pollutant,  what  is  the  siae  of 
the  area  downwind  ^rom  the  source  within  which  the  given 
mean  dosage  is  exceeded? 

2  ,  What  type  of  wind  information  ia  necessary  to  determine 
the  time  of  first  arrival  of  a  tracar  at  distances  ut  the 
order  of  8  to  16  miles? 

Following  an  introductory  section  on  a  description  of  the  site  and 
the  experimental  procedures.  Sections  2  and  3  will  contain  answers  to 
the  two  quest.uiis  given  above.  79iv  answer  to  the  fivst  question,  in 
partitular,  is  an  abbreviation  of  a  .nurc  detailed  analysis  to  be  included 


ix 


in  a  Geophyaical  Research  Note  now  in  preparation.  Die  diU'usion  .i::H 
meteorological  data  and  a  more  complete  description  of  the  equipii'cnt 
and  the  field  and  laboratory  procedures  will  be  included  in  a  forth¬ 
coming  Geophysical  Research  Paper. 


Morton  L.  Barad 

Geophysics  Research  Directorate 

AF  Cambridge  Research  Laboratories 

James  J.  Fuquay 
Hanford  Laboratories  Ope.'ation 
Hanford  Atomic  Products  Operation 
General  Electric  Company 
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AREA.  DOSAGE  RELATIONSHIPS  AND  TIME  OF 
TRACER  -\RHIYAL  IN  THE  GREEN  GLOW  PROGRAM 


1.  A  DESCRIPTION  OF  THE  EXPERIMENTAL  PROGRAM 
1.  i  Characteristic*  of  the  Site 

The  Green  Glow  program  wa*  conducted  during  June,  July,  and 
August  of  1959  at  the  Hanford  reservation  of  the  U.  S.  Atomic  Energy 
Commission  near  Richland,  Washington.  -This  area  is  located  in 
southeastern  Washington  in  a  seml-arld  climate.  The  reservation  is 
roughly  bounded  on  the  north  and  east  sides  by  the  Columbia  River  and 
on  the  south  and  west  by  the  Rattlesnake  Hills  and  Yakima  Ridge.  The 
maximum  height  of  the  mountains  approaches  3  500  ft  above  sea  level, 
whereas  the  major  pa^t  of  the  reservation  lies  about  400  to  700  ft 
above  sea  level.  Figur^  1  is  a  topographic  map  of  the  aree  showing 
the  location  of  the  sampling  grid  and  other  observing  points  to  which 
reference  will  be  made  ’ater. 

The  sampling  grid  is  indicated  in  Fig,  1  by  segments  of  circles 
all  centered  about  the  point  matked  "Source."  The  tick  marks  along 
the  i.rct  show  the  positions  of  the  samplers.  Within  4  irn'cs  of  the 
sout«.e  the  ground  is  relatively  flat,  with  slightly  rolling  hills  or 
ridges  a  bit  more  frequent  m  the  region  between  4  and  16  miles  of  the 
source.  The  most  prominent  feature  of  the  topography  within  tne 
sampling  grid  is  the  drop  in  general  level  of  terrain  about  4.  5  miles 
southeast  of  the  source. 

Most  of  the  reservation  is  covered  by  desert  grass  and  sage¬ 
brush.  The  sagebrush  often  grows  to  a  height  of  about  4  or  5  ft,  but 
ha*  an  average  height  of  about  3  f*. 

The  grid  was  laid  out  to  take  advantage  of  the  nighttime  drainage 
wind,  which  is  a  climatologiral  feature  of  the  area.  On  clear  nights 


(Authors'  inanusc  ripti  approved  4  April  1961.) 
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with  relatively  etagnant  weather  pattern*  (feature*  common  to  this  area 
in  •ummer).  f<'>irly  persistent  winds  blow  from  northwest  tu  southeast, 
beginning  in  late  evening  and  continuing  until  after  sunrise. 


1.2  E^cperlm«ntal  Design 

The  design  of  the  diffusion  experiments  to  be  described  was  a 
joint  venture  undertaken  by  personnel  of  the  Geophysics  Research 
Directorate  and  the  Hanford  Laboratories  Operation.  The  conduct  of 
the  diffusion  experiments  anrl  the  reduction  of  the  diffusion  data  were 
the  responsibility  of  the  Hsnfcrd  Laboratories  Operation.  Also  par¬ 
ticipating  in  these  phases  of  the  program  were  personnel  of  the  Geo¬ 
physics  Research  Directorate,  the  Texas  A  It  M  Research  Founuation , 
and  the  Air  Weather  Service. 

The  samplers  were  laid  out  along  arcs  according  to  the  plan 
shown  in  Table  1.  These  samplers  were  all  1.5  meters  shove  ground. 


TABLE  t.  C.'taracteristics  of  sampling  network 


Arc 

Distance 
(km)  (miles) 

Sampler 

Spacing 

(degress) 

Arc  Length 

(degrees) 

Flow  Rate 
(iaac-‘) 

1 

0.2 

0.  »2 

2 

90 

0.  148 

2 

0.8 

C.  50 

2 

90 

0.153 

3 

t.6 

0.  99 

1 

48 

0.232 

4 

3.2 

1.99 

1 

90 

0  513 

5 

12.  8 

7.  95 

0.  5 

75 

1.963 

6 

25.6 

15.91 

0.25 

37.25 

1.980 

During  the  first  few  experiments  participating  personnel  found  that  the 
original  layout  of  samplers  could  be  improved  to  obtain  better  definition 
of  cloud  width.  Therefore,  betv.-een  Ruts  10  and  it,  22*  of  sampling 
arc  were  added  to  the  north  end  of  the  200-m  arc,  20*  to  the  north  end 
o!  the  800-m  arc,  and  19*  to  the  north  end  of  the  J200-m  arc.  These 
changes  were  effected  by  removing  like  distances  from  the  southern 


end*  of  these  arcs.  These  changes  did  result  in  better  cloud  definition. 

Tney  are  incorporateo  fi  Fig.  t* 

In  addition  to  the  ground  sampling  network,  towers  we..*e  erecteo 
At  trve  points  on  each  of  the  four  inner  arcs.  These  towers  were  located 
at  azimuth  angles  98*.  106',  114*.  122*,  and  130*.  (See  insert.  Fig.  1.) 

Each  tower  had  15  samplers  with  the  top  level  increasing  from  27  m 
on  the  200-m  arc  to  42  m  on  the  800-m.  and  to  62  m  on  the  1600-  and 
3200-m  arcs. 

To  deteriiiiiie  the  arrival  time  of  the  pigment  on  the  two  outer 
arcs,  drum  samplers  were  placed  at  various  positions  on  these  arcs. 

These  drum  samplers  provide  a  time  record  of  the  deposition  uf  pig¬ 
ment  on  a  revolving  drum;  and  this  information  can  be  used  to  determine 
the  length  of  time  it  takes  the  pigment  to  travel  from  the  source  '  c,  the 
sampler.  Some  results  obtained  frutn  these  samplers  will  be  discussed 
in  Section  3. 

1.  3  Experimental  Procedures  ^ 

The  tracer  used  in  this  study  was  a  fluorescent  sine  sulfide  pig¬ 
ment  (U. S.  Radium  Corp.  No.  2210)  which  has  a  geometric  mean  parti-  i 

cle  diameter  of  about  2.  5  microns.  The  pigment  was  suspended  in  a 
tank  filled  w.th  water  and  emitted  simultaneously  fro.n  two  dispensers 
(Todd  Insecticidal  Fog  Applicators)  placed  side  by  side  on  the  ground. 

The  nozzles  of  the  dispensers  had  to  be  pointed  upward  to  allor*  the  pig¬ 
ment  to  clear  nearby  sagebrush.  As  a  result,  the  effective  source 
height  was  about  3  to  5  in.  Between  U.  u  and  3.  6  kg  of  pigment  were 
emitted  during  each  relessc.  the  total  emit  .ion  time  being  30  minutes 
on  almost  all  of  the  releases. 

The  pigment  was  collected  on  membrane  filters  about  2  inches 
in  diameter  tn  the  sampler  positions  given  in  Table  1  and  on  the  towers 
described  in  Section  I.  2.  Air  was  drawn  through  the  filters  at  different 
rates  on  esch  arc.the  rates  increasing  with  distance  from  the  source, 
a(^ain  as  indicated  in  Table  1.  Flow  rates  on  the  towers  were  the  same  • 

as  on  the  ground  samplers  at  the  respective  arcs. 
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Aft«r  th*  pigment  wee  emitted  for  30  minutea,  the  diapensers 
were  ahut  off;  but  the  semplera  were  turned  off  only  after  a  auitabie 
delay  to  allow  the  cloud  of  particlea  to  fully  paaa  the  reapective  area. 

The  filters  were  cullected,  new  onea  inaerted  to  prepare  for  the  next 
releaae,  and  the  expoaed  filters  taken  to  a  laboratory  for  assaying. 

This  assaying  was  accomplished  by  exposing  each  filter  to  a  source  of 
alpha  particles.  When  die  pigment  particles  are  struck  by  alpha  parti¬ 
cles,  the  ensuing  light-flashes  are  detected  and  accumulated  on  a 
counter. 

The  original  assaying  system  was  calibrated  by  comparing  the 
number  of  scintillations  obtained  from  aslocted  filters  wltk  visual 
counts  oStainod  with  the  aid  of  a  mlcroacopo.  Tho  results  were  then 
expressed  in  terms  of  numbers  of  particles  on  the  filters.  However  the 
system  did  not  provide  tho  accuracy  raqjulrsd  bscausa  of  tho  uncartain- 
ties  In  the  microscope  counting.  In  additiosi  tho  protracted  high  volumet¬ 
ric  sampling  rates  at  the  outer  arcs  cauaod  cosiaidorabto  foreign 
matter  to  be  collected  on  tho  filters.  Introducing  additional  complsxltloa 
in  the  assaying  procedursa.  Consequently  further  development  of  the 
.e..ipis  essscing  syetsui  was  required. 

The  sample  as  saying  system  finally  used  was  as  follows.  When 
the  filters  wsrs  rslatively  f^se  of  dust,  the  sine  sulfide  particles  were 
activated  on  the  filter  by  e  fixed- strength  source  of  plutonium  alpha 
particfvs  and  the  resulting  scintillations  counted  as  doscribod  oarlior. 
For  olu-ity  iilters  and  for  calibrating  tho  aasayiag  technique  deecribed 
above,  the  filters  were  dissolved  snd  exfosed  to  white  light  and  tho 
resulting  phosphoresesnee  was  roessursd  in  an  automatic  liquid  scintil¬ 
lation  counter.  A  correction  fector  for  tho  effect  of  duet  in  the  sample 
was  <!..tern'tined  from  turbidity  msasurements  ua  tho  vial  with  a  ealor- 
imetsr. 

In  all,  it  rslsssss  ware  made  during  the  Green  Clow  program, 
all  at  night.  Because  wind  shifts  nrrsaionslly  occurrsd  during  a  run, 
which  carrtsd  ths  cloud  outsids  ths  sampling  notwork,  not  all  tho  runs 
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were  conaidered  sacceaatul.  Altnost  no  useful  informatioii  was  availa¬ 
ble  from  1  runs  while  several  more  have  only  limited  usefulness. 
However  the  goal,  a  minimum  of  t  5  useful  runs,  was  exceeded. 

1.4  Meteorological  Measurements 

In  order  to  relate  the  results  of  the  dispersion  tests  to  ambient 
metsorclogical  conditions,  as  well  as  to  estimate  the  amount  of  time 
necessary  for  the  pigm^t  to  traverse  the  sampling  network,  certain 
meteorological  data  are  also  necessary.  These  data  were  provided  by 
several  installations.  Near  the  source,  winds  and  temperatures  at 
50-ft  intervals  were  available  from  the  4i0^t  meteorological  tower. 

In  addition  a  78*ft  portable  mast  provided  data  on  wind  and  tempers^ture 
at  six  levels  to  give  a  better  picture  of  the  atmosphere  near  die  ground. 
Both  towers  were  operated  by  General  Electric  personnel. 

Two  complete  micrometeorological  stations  were  operated  by  the 
Texas  A  fc  M  Research  Foundation  ac  distances  of  approximately  I  and 
I  3  miles  from  the  source. 

Besides  wind  and  temperature,  wet-bulb  temperatures  were 
available  from  eight  heights  up  to  32  m  at  each  Texas  A  ti  M  sta’lon. 
Measurements  of  radiation,  soil  heat  flux,  soil  temperatures,  and  the 
standard  weatl.er  observations  ware  also  made  at  these  locations. 

The  General  Electric  Company  also  operated  a  wind  station  nst- 
work  consisting  of  wind  speed  and  direction  sensing  instrumsnts  mounted 
about  4 3  ft  above  the  ground.  The  wind  readings  wers  sutorr.*tirslly 
transmitted  to  a  building  near  the  dispensers,  where  they  we''c  re¬ 
corded.  In  Fig.  1  th^  locations  of  th«ss  stations  srs  shown  by  the 
large  crosses  witli  arable  .lumbers  besids  thsin. 

Upper-air  observations  wrre  providsd  by  s  rewinsonde  team 
from  the  6th  Weather  Squadron,  4th  Weather  Croup,  Air  Weather  Ser¬ 
vice.  Their  station  was  located  about  4.  S  miles  from  the  source  and 
is  marked  as  GMO-I  Station  in  Fig.  I.  In  general  the  plan  called  for 
a  balloon  to  be  released  about  I  licur  prior  to  the  planned  emiision 
time,  one  rcls..ssd  at  emisxion  time,  and  one  relsascd  1  hour  after 
on'.ission.  D^ta  were  taken  up  to  8000  ft  during  each  of  tlissc  relsasss. 
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2.  PREDICTION  OF  AREA- DOSAGE 
•  2.  1  Introduction 

The  purpose  oX  this  aecticn  ia  to  describe  end  aummarise  the  re¬ 
sults  of  an  analysis  designed  to  obtain  estimates  of  the  area  within 
which  a  specified  level  of  pollution  would  he  exceeded  downwiud  of  a 
continuous  point  sourco  of  pollution.  The  method  of  analysii  is  es¬ 
sentially  the  same  as  that  used  by  Elliott^  ia  studying  the  same  problem 
using  data  collected  during  Project  Prairie  Grass.  ^ 

Strictly  speaking,  the  reevlta  of  this  study  are  applicable  only  to 
the  Hanford  reservation  and  only  for  a  pollutant  similar  to  the  sine 
sulfidu  tracer  used.  However,  comparisons  with  the  Prairie  Crass 
results  indicate  that  some  generalisations  are  possible.  These  will  be 
discussed  later. 

2.  2  Method  of  Analysis 

The  values  of  dosage  observed  at  each  sampler  for  each  arc 
were  plotted  on  i  grid  proportional  to  the  actual  sampling  grid  used  at 
the  Hanford  site.  These  values  were  plotted  for  18  of  the  27  tracer 
releases  made.  The  other  nine  releases  were  rejected  frr  ?  variety 
of  reasons,  the  most  common  being  failure  of  the  tracer  to  remain 
within  the  sampling  network  during  the  experiment. 

After  these  values  of  dosage  v-ere  plotted,  the  highest  values 
observed  on  selected  arcs  were  determined  by  inspection.  The  arcs 
selected  were  those  approximately  I,  2,  8,  and  Iw  miles  from  the 
source.  Isopleths  of  these  dosages  wrre  drawn;  and  the  area  within 
these  isopleths  was  then  measured  with  a  planlmater.  Figure  2  shows 
a  typical  pattern  obtained  for  the  peak  dosage  at  16  iniles. 

Since  differing  amounts  of  pigment  were  released  during  differ¬ 
ent  releases,  observed  values  of  dosage  (O)  were  divided  hy  the  total 
amount  of  pigment  emitted  (E).  During  the  analysis  of  Prairie  Grass 
data,  it  was  found  that  the  inclusion  of  the  wind  speed  in  the  final 
prediction  scheme  resulted  in  significant  improvement.  (An  examina- 
i  tion  of  Sutton's  equation  suggests  that  this  would  be  the  case. ) 
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FIG.  2  Typical  iao^ilath  of  doamgm 


Therefore,  the  values  of  D/E  were  multiplied  by  the  wi-.d  speed  (U) 
observed  at  i  ni  above  the  ground.  Finally  the  values  of  DU/  £  were 
plotted  on  logarithmic  paper  agtinat  the  values  of  area  (A)  enclosed 
by  D. 

2.  3  Results; 

Figure  3  shows  the  results  of  this  analysis.  Tha  values  of  A 
are  in  (meters)^  and  the  values  of  OU^E  are  in  (meters)'^.  Results 
of  the  Prairie  Grass  analysis  are  also  shown  for  conqaariaon.  (Only 
those  points  for  nighttime  gas  releases  at  Prairie  Grass  are  pre¬ 
sented.  )  One  car.  see  that  the  values  from  each  set  of  experiments 
tend  to  lie  along  a  straight  line  although  tha  lines  are  not  the  s^me 
for  the  two  different  uets.  In  order  to  see  this  more  clearly,  least 
squares  regression  lines  were  computed  for  both  sets  of  points. 

These  lines  are  u-.dicated  in  Fig.  3.  Their  equations  ars 

(Green  Glow)  A  »  10.  (»J 

and 


(Prairie  Crass)  A  * 


-0.91 


(2) 


The  exponents  of  Eqs.  (I)  and  (2)  are  almost  the  s*me  and,  in 
fact,  no  statistically  significant  difference  can  be  ascribed.  The  fact 
that  the  two  lines  uo  not  lie  along  one  snutlier  is  not  too  surprising  in 
view  of  the  differences  between  the  two  sets  of  experiments.  Differ¬ 
ences  in  vegetation,  terrain,  tracers  used,  and  source  height  could 
all  lead  to  differences  tn  the  results.  The  fine  particles  used  as  a 
tracer  at  Green  Glow  could  ^i.«  different  rates  of  deposition  com¬ 
pared  to  the  gas  tracer  used  at  Prairie  Crass.  In  addition,  when 
measurements  from  lowers  were  available  at  Green  Glow,  it  was 
frequently  fo'/Uio  that  tha  maximum  D  observed  along  a  given  arc  was 


FIG.  3  Area  ve.  DU/L  ahowing  Green  Glow  and  Prairie  Crasa  reaulta 


not  near  the  ground,  aa  it  appeared  to  be  at  Prairie  Crass,  but  was 
found  at  greater  heights.  Thi)i  farjt  would  also  contribute  to  differences 
between  Green  Clow  and  Prairie  Crass.  However  the  significant  fact 
is  that  the  lines  are  essential.'/  parallel,  indicating  that  basically  the 
effects  of  the  atmosphere  are  the  same  in  the  two  experiments. 

2.  4  Discussion  of  Accuracy 

It  is  not  suificient  to  simply  consider  the  regression  line  (or 
prediction  equation)  without  considering  some  measure  of  the  accuracy 
of  the  prediction. 

The  standard  error  of  estimate  of  the  regressiou  line  computed 
Ironr.  the  Green  Glow  data  indicates  that  the  range  0.  60  to  1. 66  times 
the  predicted  area  embraces  the  observed  area  about  two-thirds  of  the 
ti.ne.  Slmtlariy  the  range  0.  36  to  2.  76  times  the  predicted  area  em¬ 
braces  the  observed  area  about  95  percent  of  the  time.  These  ranges 
may  seem  extreme,  but  one  must  recall  that  the  total  range  of  areas 
observed  was  almost  3  orders  of  magnitude.  These  limits  are  some¬ 
what  larger  than  the  comparable  limits  about  the  Prairie  Crass  line, 
due  in  part  to  the  less  accurate  determination  of  the  values  of  D  at  the 
outer  arcs  and  the  greater  difficulty  in  determining  A.  Section  2.  6 
"Apoendix"  contains  an  example  of  the  use  of  this  scheme  in  actual 
practice. 

Another  factor  affecting  the  relationship  between  A  and  OU/E  is 
the  atmosnheric  stability.  Generally,  those  points  derived  from 
measurements  made  in  the  most  stable  conditions  tended  to  fall  above 
t>ie  regression  line  (larger  areas  for  the  same  values  of  DU/E)  while 
those  derived  from  less  stable  conditions  tended  to  fall  below  the  re¬ 
gression  line  (smaller  areas  for  the  same  values  of  DU/E).  This  re¬ 
sult  was  even  more  evident  in  the  Prairie  Crass  data.  However,  with 
the  Green  Glow  data,  at  great  distances  from  the  source  (8  and  16 
miles)  the  separation  of  points  by  stability  was  not  so  great  as  with 
tlie  points  closer  to  the  source.  This  may  be  a  reflection  of  the  greater 


difficulty  in  defining  a  relevant  stability  parameter  to  apply  during 
much  longer  travel  times  involved  at  Green  Glow.  It  was  not  judged 
that  the  slight  improvement  in  prediction  made  by  including  a  stability 
parameter  warranted  the  inclusion  of  it  in  this  scheme.  Furthermore, 
to  apply  such  a  correction  one  would  n^ed  measurements  of  vertical 
temperature  gradient  which  are  not  normally  available  at  standard 
weather  stations.  These  results  do  indicate  that  further  study  of  the 
affects  of  stability  on  clouds  traveling  for  long  distances  would  be 
helpful. 

In  addition  to  defining  the  area  enclosed  by  a  given  Isopleth,  it 
would  be  highly  desirable  to  be  able  to  specify  the  shape  of  this  area. 
Figure  2  suggests  that  the  shape  is  somewhat  elliptical  and  this  appears 
to  be  a  fair  approximation.  Thus,  if  one  can  determine  the 
m.'iximum  distance  downwind  of  the  source  that  a  given  value  of  D  will 
reach,  one  can  obtain  a  crude  estimate  of  the  maximum  width  ut  the 
isopleth  by  dividing  the  predicted  area  by  the  quantity  (w/4  x  maximum 
downwind  distance).  Results  of  this  study  indicate  that  such  a  procedure 
would,  on  the  average,  overestimate  the  maximum  width  by  an-ji't  10  to 
20  percett  bet  individual  values  could  be  in  error  by  as  much  as  hf>0 
or  70  percent  to  >20  percent.  This  maximum  width  is  found  oat 
halfway  b^'twee.n  the  source  and  the  maximum  downwind  distance. 

At  best  thi.i  in  ithod  of  determining  the  shape  is  crude  and  should 
be  used  with  ci  vtiou.  Furthermore,  results  of  Prairie  Grass  indicate 
that  in  unstable  conditions  or  with  short  emission  times,  the  shape  of 
tl*e  area  may  be  far  from  el’iptical  and  the  method  should  not  be  used. 
Also,  if  the  mean  wird  directicn  is  not  constant  with  distance,  the 
shape  will  be  distorted  and  the  results  of  this  method  quite  misleading. 
Al.'  in  all,  this  scheme  for  estimating  the  shape  can  at  best  serve  only 
ac  a  rough  guide. 

2.  S  Extension  of  Results  to  Other  Conditions 

The  question  of  whether  these  results  can  be  applied  in  other 
conditions  and  for  greater  distances  than  those  invoiced  in  this  study 
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must  be  considered.  In  the  following  discussion  the  views  expressed 
are  only  educated  guesses  basea  upon  the  authors'  experiences  witli 
diffusion 

Tha  similarity  ol  the  exponents  in  Hqs.  (I)  and  {i)  leads  one  to 
have  some  confidence  in  further  extrapolation.  Without  much  doubt 
we  feel  the  results  would  be  valid  to  distances  of  30  to  40  miles.  With 
somewhat  less  confidence  we  fee!  the  results  should  be  a  fair  guide 
out  tc*  distances  of  30  to  60  miles.  Beyond  this  we  are  reluctant  to 
make  any  statement.  Remember  that  all  these  extrapolations  are 
based  upon  the  assumption  that  Uie  wind  blows  in  about  the  same 
direction  and  speed  over  the  whole  distance,  the  terrain  remains 
roughly  uniform,  the  general  level  of  vegetation  remains  about  the 
same,  and  the  pollutnut  has  about  the  same  characteristics  as  the 
tracer  used.  In  reference  to  the  matter  of  vegetatioa,  it  may  be  that, 
other  things  being  the  same,  a  wind  speed  (U)  measured  at  some  lower 
elevation  (say  I  m)  might  produce  a  better  estimate  of  the  area  if  the 
vegetation  height  is  on  the  order  of  a  few  centimeters  rather  than  about 
I  -  m  h’ffh  AS  2?  the  Hanford  reservation. 

A  point  which  must  be  empltasised  is  the  matter  of  terrain.  Our 
present  knowledge  of  wind  regimes  in  mountainous  areas  is  i. .eager. 

All  ihe  aoov«  conclusions  may  be  poor  predictors  at  best  if  the  pollutant 
cloud  enters  or  is  released  in  fairly  rough  terrain.  Funneling  effects 
and  local  circulations  can  so  distort  the  wind  fiiild  snd  subToquent 
diffusion  patterns  that  any  of  our  currant  dlffusioi  models  would  be 
inadequate  to  describe  the  results. 

Z,  6  Appendix 

This  gives  an  example  of  the  use  of  the  result.*  of  this  section  in 
determining  the  area  enclosed  by  a  given  isopleth  of  losage.  Figure  4 
show#  the  regression  line  (Eq.  (  I  J),  of  Fig.  3,  replotted  without  the 
data  points.  In  addition  the  slanting  dashed  lines  represent  the  plots 
of  the  limits  of  one  standaru  error.  In  other  words  about  two^thirds 


of  the  cases  should  fall  between  the  two  dashed  lines.  fhey  outline 
»he  range  -40  percent  to  +66  perc|!nt  of  the  value  found  on  the  si. 
line. 

As  an  example,  for  a  given  emission  (£/  and  a  wind  speed  (U) 
at  2  m  above  ground,  we  wish  to  estimate  the  area  enclosed  by  a  given 

dosage  (D).  Let  us  assume  that  is  then  computed  to  be 

-  6  “  ^ 

2x10  m  .  This  value  is  entered  as  the  abscissa  (Point  Q  i.n  Fig. 4) 
The  ordinate  erected  at  Q  intersects  the  solid  line  at  B,  the  ordinate 
of  which  is  2.  7x10^  m^ .  This  value  represents  the  best  esti<T.ate 
of  the  area  enclosed  oy  =  2.  0  x  10*^  m~^  •  This  is  also  the 

ar.**  t-nrlosed  by  D  for  the  given  values  of  £  ana  U.  The  Ir.tersoctlor. 
of  line  QR  with  the  lower  d.ishen  line  (Point  C)  gives  an  area  of 
1.6x10  m  and  the  inU  rsection  of  the  .^tension  of  line  QB  with  the 
upper  dashed  line  (Point  D)  gives  an  arts  of  4.  5  x  10^  m^  .  Thus  we 
say  that  about  two-thirds  of  the  areas  enclosed  by  an  isopleih  wnose 
value  is  2.  0  X  10^  m*^  will  lie  between  1 . 6  x  10^  anti  4.  5  x  10^  m^. 
Actually  the  ratios  D'/3'  and  B'/C  are  both  equal  tc  t.o6.  If  we 
fu,tl>er  V  ished  to  estimate  the  values  nf  the  areas  between  which  OS 
percent  of  the  cases  will  occur  we  can  multiply  the  value  B'  =  2.  7  x 
10^  m^  by  (1.66)^  and  divide  B'  by  (1.66)^  obtaining  a  range  of  about 
i  X  to*'  to  7.  4  X  10^  m^,  within  which  95  percent  of  the  areas 
should  lie. 
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3.  TRACER  ARRIVAL  TIMES  AT  8  VND  16  MILES 
3.  1  Introduction 

Thi«  taction  provide*  an  estimate  oi  the  Informati'  a  necessary 
to  determine  the  time  of  first  arrival  near  ground  level  of  a  tracer  at 
distance*  of  8  to  16  miles  from  the  source.  The  result*  of  this  study 
are  based  upon  analyses  of  data  obtained  from  drum  sampler*  placed 
along  the  8-  a- 16-mile  arcs  of  the  Green  Clow  dimpling  grid.  Pig- 
iiieiii  i*  drawn  into  these  sampler*  and  impacted  on  a  tape  attached  to  a 
revolving  drum.  The  drum  is  turned  slowly  at  a  known  rat*  and  the 
pattern  of  pigment  deposition  on  the  tape  provide*  a  means  of  estimat¬ 
ing  the  tin  e  cl  first  arrival  of  significant  quantities  of  tracer  material 
at  the  sampler. 

This  stv.dy  is  concerned  witli  determining  the  time  alter  release 
o'  pigment  at  the  source  that  significant  quantities  of  pigment  first 
arrived  at  the  sampler.  Arrival  time  was  defined  to  he  the  time  of  the 
beginning  of  a  continuous  reception  containing  about  98  percent  of  the 
material.  Because  particles  could  become  lodged  in  the  intake  tub* 
our!nB  a  aiven  run  (although  all  possible  care  was  taken  in  cleant-.g 
the  druiTi*  between  runs)  and  subsequently  appear  o..  the  drum  ‘n  the 
next  ren,  it  was  not  always  eaey  to  define  the  exact  beginning  o/  the 
reception  .<f  pigment.  A  further  error  could  be  introduced  by  lock  of 
p.'ecise  knowledge  of  when  the  drum  was  first  turned  on.  Ibis, 
coupled  with  the  error*  of  about  £  minutes  in  actually  reading  the 
drum,  could  produce  an  over-all  uncertainty  of  as  much  as  5  or  6 
minutes  in  determining  the  actual  tin. a  of  arrival  of  the  pigment. 

Despite  these  possible  errors  significant  results  were  obtained. 

In  addition  to  the  drum  sao'pler  data,  wind  speeds,  wind  direc- 
tiors,  and  temperatures  were  available  from  the  variouc  meteorological 
installations  discussed  In  Section  I.  The  wind  data  were  used  to  con¬ 
struct  theoretical  trajectories  of  the  plum*  so  that  the  time  of  first 
arrival  at  an  arr  could  be  correlated  with  the  wind  spee'Is  at  v.«rloue 
height*. 
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2  Analysis 

Of  the  27  runs  made  during  the  Green  Clow  progran;,  drum 
sampler  data  were  available  for  18  runs  out  to  8  miles  from  the  sOuii.r; 
and  for  10  runs  cut  to  16  miles  from  the  source.  However  some  of  the 
data  could  not  be  used  in  these  studies  because  the  samplers  were  not 
turned  on  soon  enough  ^t  one  or  both  arcs.  This  is  evident  from  the 
traces  when  pigment  appeared  on  the  drum  immediately  after  the 
samplet's  were  turned  on.  leaving  one  in  doubt  about  the  time  of  first 
arrival.  For  this  reason  the  number  of  runs  with  useful  date  wai  re¬ 
duced  to  12  for  travel  to  8  miles  and  to  5  for  travel  to  16  miles. 

Estimates  of  travel  times  to  the  two  arcs  were  made  usin;.;  tna 
mean  winds  observed  at  various  levels  during  the  diffusion  sxp*  i- 
ments.  Winds  st  50  and  100  ft  abovs  ths  ground  wsrs  recorded  >n  the 
meteorological  tower  and  a  15  ft  wind  was  determined  by  interpolation 
between  7  ft  and  50  ft  levels.  Fiiteen  feet  was  chosen  because  t  is 
close  to  the  estimaied  eource  hctgnt.  It  was  assumed  that  the  pigment 
traveled  in  a  straight  line  from  ths  generator  to  the  samplers  on  the 
...cs.  Since  the  wind  did  change  soniewhat  in  direction  ducu.g  the 
travel  time,  another  set  of  travel  times  wss  computed  to  8  and  16 
rrilr*.  The  2  l-(t  wind  Hi*ertlot'»  rup.  rtud  l*y  Uie  wbid-ststton  network 
plus  the  IS  ft  tower  wind  speeds  and  the  wind  speeds  ind  direction*  of 
the  Texss  A  If  M  rtations  were  combintd  in  s  streamline  analysis  to 
give  sn  estimate  of  the  travel  time  of  a  particle  icmiinlng  in  the  15  to 
20-ft  layer. 

_)•  1.  Results 

Tabis  2  shows  the  comparison  betwsen  the  theoreticsi  trajectories 
computed  sssumine  >he  .•srtlc'es  were  transported  in  e  straight  line 
with  the  15  ft  tower  wind  and  assuming  they  were  lransp<>ii'ted  along  the 
streamlines  as  discussed  in  the  preceding  sobseetton.  inspection  re¬ 
veals  little  difference  between  the  travel  times  computer  by  the  two 
methods  for  i.atar..  c»  .,.,1  tw  8  miles.  However  lor  trawl  to  16  miles 
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TABLE  7..  Initial  arrival  times  (miiiutea  after  first  rehiasejof  pigment 

at  8  and  It-  T'.iies  from  source  observed  (Tq)  and  computed 

from  l5-ft  source  windfT.  .land  from  I  b-ft  streamUnes  T 

ly  traj 


Run  No. 

8  MILES 

1  6  MILES 

T 

o 

T.S 

^traj 

T 

o 

T,5 

X 

tjaj 

6 

42 

48 

48 

7 

77 

107 

96 

6 

39 

72 

68 

10 

24 

34 

32 

14 

.96 

130 

113 

IS 

56 

96 

82 

17 

20 

37 

42 

!S 

68 

83 

119 

19 

21 

31 

37 

21 

76 

91 

121 

22 

30 

42 

49 

23 

SI 

75 

82 

2S 

28 

42 

4S 

48 

76 

78 

26 

40 

44 

46 

64 

95 

108 

SI 

24 

36 

37 

there  is  a  tendency  for  the  streamline  method  to  produce  somewhat 
longer  travel  times  (but  not  in  each  rase),  as  might  be  expected. 

This  result  does  show  the  effects  of  variationr  in  speed  and  direction 
along  th;!  travel  path. 

Table  1  cumi.ares  tne  observed  travel  time  (T  I  with  the  travel 
times  computed  from  the  winds  at  IS,  SO,  and  100  ft  as  determined 
from  the  tower  observations.  The  columns  marked  T^  give  the  ob¬ 
served  travel  times  to  the  ’•espective  arcs.  The  columns  marked 
T^  ,  T^jj  T^  ,  and  Tj^^  T^  give  the  ratio-  of  the  travel  times 
computed  from  the  winds  at  the  heights  represented  by  the  subscripts 
and  the  ouserved  travel  times.  The  column  marked  SR  gives  the 
Stability  Rat  o  (sea  Section  1.  I,  Eq.  I). 
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TABLE  Observed  iiiitial  arrival  time  (T-);  ratios  of  arrival  liincs 
computed  from  I  5-ft  wind  speed  (Tjj),  50-ft  wind  speed 
{T50)  ‘*”<1  100-ft  wind  speed  (TjQg)  to  T^;  and  Stability 
Ratio  (SR). 


r 

3 

SMILES 

16  MILES 

i  Run 
!  No. 

T 

0 

T,,/r 

15  0 

V^o 

0 

0 

0^ 

T 

0 

W^o 

SR 

1 

!  ^ 

42 

1.  14 

0.  84 

0.  68 

0.  57 

! 

77 

i.  19 

0.  7} 

0.  60 

1.  7 

;  3 

39 

1.81 

1.  34 

0.  92 

1.4 

10 

’.4 

1.42 

1.08 

0.  90 

0.  22 

1  -! 

Vh 

1.  15 

0.  78 

0.  52 

12.  0 

1  15 

56 

1.71 

t.06 

0.  83 

1.  2 

!  17 

’0 

1.  85 

I.  41 

t.  14 

0.  12 

i  16 

68 

1.22 

0.93 

0.  76 

0.  So 

*  19 

21 

1 . 4« 

i.  16 

0.  99 

0.  06 

21 

76 

1.20 

0.  90 

0.74 

0.  14 

22 

10 

1.40 

1.07 

0.  91 

0.  47 

7  f 

5i 

1.47 

!.  14 

u.  96 

0.  1 1 

! 

28 

1. 50 

I.  16 

0.  98 

48 

t.  58 

1.22 

1.06 

0.  1 1  j 

,i6 

40 

t.  10 

0.  84 

0.  71 

64 

1.48 

1.06 

0.89 

b.2i  1 

'  SI 

L 

24 

1. 50 

(.20 

1.04 

0.  06  i 

A  ratio  of  computed  travel  time  at  some  h**sht  to  Jie  obaerved 
travel  tkine  which  is  ureater  than  1.0  indicates  that  the  pigment  arrived 
St  the  arc  sooner  than  would  have  been  expected  were  the  pigment  trans* 
ported  with  the  wind  at  the  particular  height,  and  conversely  U  the  ratio 
is  lest  than  1. 0.  C'ne  can  see  immediately  that  the  pigment  always 
arrived  sooner  than  the  w*nd  near  the  source  height  (15  ft)  would  have 
indicated.  In  only  4  of  the  tl  observations  of  travel  to  8  mites  did  the 
pigment  arrive  later  ihan  would  have  been  indicated  by  the  50  ft  wind 
speed  ana  in  one  rase  arrived  sooner  than  would  have  been  indicated 
by  the  1 00  ft  wind  speed.  These  results  indicate  that,  on  the  averaga, 


a  wind  speed  measured  somewhere  between  SO  and  100  ft  is  necessary 
to  specify  the  first  time  of  arrival.  In  fact,  fur  Run  17  the  wind  data 
showed  that  the  150  ft  wind  speed  would  have  been  necessary  tc  specify 
first  time  of  arrival.  Although  there  are  hut  half  the  number  of 
observations  of  16-mile  travel  time  these  results  seem  to  hold  at  this 
distance  as  well. 

One  can  easily  understand  what  happens.  The  pigment  cloud 
diffuses  upward  as  well  as  outward  by  the  action  of  turbulence.  The 
pigment  which  first  arrives  at  an  outer  arc  has  initially  been  diffused 
to  a  height  of  somewhere  in  the  neighborhood  of  100  ft  and  travela 
along  at  this  height.  Some  of  this  pigment  is  diffu.:sd  do'.’.'r.ward  again 
by  turbulence  and  first  reaches  the  ground  at  the  outer  arcs  before  the 
bulk  of  the  main  cloud  arrives. 

This  fact  suggests  that  dtere  might  be  some  relationship  between 
T^.' T^  and  staLili^.',  where  T^^  refers  to  the  travel  tirie  co.-nputed 
from  the  wind  at  h..tght  h.  This  auggestion  arises  because  very  stable 
conditions  tend  to  suppress  vertical  mixing  so  that  with  a  fixed  speed 
a»  a  heigV>t  of  H  {t  we  might  expect  shorter  arrival  times  if  the  rtmoe- 
phere  is  near  neutral  than  if  the  atmosphere  i»  quite  stable.  The 
nature  of  the  data  and  the  relatively  small  number  of  observatl ..us  do 
no*  perrr.it  one  to  use  refined  statistical  procedures  to  test  this  hy¬ 
pothesis.  However,  one  can  use  the  rank  correlation  techniques  to 
gain  some  qualitative  insight  into  the  correctness  of  the  hypc'thesis. 
This  method  measures  the  degree  of  association  between  the  order  of 
one  variate  and  that  of  anotlier  when  arranged  in  ascending  or  descend¬ 
ing  values.  In  this  case  we  can  use  the  technique  to  determine  if  high 
’/'allies  of  th«  ratio  of  computed  to  .Actual  travel  time  are  aaaoriated 
with  low  valu.' s  of  stability,  or  .o  determine  if  low  values  of  stability 
(near  neutral'  cases  are  associated  with  travel  at  effective  travel 
heights  greater  than  those  associated  with  high  values  of  stability. 

Ahan  values  ot  I',,  I'  are  romnsred  with  SH.  the  answer  is 
statistics lly  Inconclusive  vith  some  indication  that  there  is  a 


relationship,  \then  T.„/T  and  T  --  'T  ar£  compared  with  SR,  the 

O  1  uu  o 

relationship  is  clear,  the  effective  travel  height  increasing  with  de¬ 
creasing  stability. 

i.  4  Summary  and  Conclusions 

This  study  has  shown  that  pigment  released  at  about  IS  ft  above 
the  ground  arrived  at  distances  of  8  and  16  miles  downwind  soo:;er  than 
was  expected  on  the  basis  of  wind  speeds  measursd  at  15  ft.  The  study 
indicates  that  the  pigment  which  first  arrived  at  these  distances  had 
traveled  with  the  wind  found  generally  between  50  ft  and  100  ft  but 
may  even  have  traveled  in  sot»e  cases  with  the  iSO-ft  wind.  Which 
height  Is  most  appropriate  seeme  to  depend  upon  the  atabllity  of  the 
air,  the  pigment  traveling  at  effectively  lower  heighte  with  stronger 
stabilities. 

Since  all  runs  were  made  at  night  iind.tr  stable  foudltlons  no 
quantitative  results  ere  eveilable  for  daytime  conditloae.  In  tlie  day 
time  the  resulting  exposures  at  the  ground  ere  less:  but,  with  avery- 
ihing  else  the  same,  it  may  very  well  be  that  the  first  pigment  would 
travel  with  winds  appropriate  to  the  150  or  200  ft  levels,  or  perhaps 
higher. 

While  this  study  indicates  that  wind  measurements  at  50  ft  and 
100  ft  would  be  desirable,  we  recognize  that  such  measurementa  might 
not  ea«''y  ;>•  When  they  are  not  available,  the  wind  apsed 

at  15  ft  probably  should  be  doubled  (fur  safety)  to  obtain  an  estlmetcd 
arrival  time  a  suiite  (w>t.ii  uei--  een  e  and  lb  miles  downwind  from  the 
source. 
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C.  B.  Damam,  Sap  1955. 

'•ia.  77.  Rsasts  Omas<a«»:«%  at  Sail  TraIHrability  by  Asrial  Pasatnaici**  C.  Ifallarai^  Oat  1955. 
ils.  7R.  E0SCIS  of  lbs  Prisnt  Csanic  RaAsRu  m  Manar.  B.  d  Cattia,  lam  I95A 

Ns.  79.  TV'psasbaria  VaiiaRass  sf  RsbodiM  faisa  at  Masaaissa  Fn^astlas,  C  P.  Csspss  ami  A  f . 

Csla.  dat  1955 

Ns.  RO.  A  Pisyan  ta  Tost  Sliil  is  Tasaisal  Fsrseaatisfc  /.  /.  Grtmfaitaa,  1.  A  Lami  ami  A.  A.  MiUar, 

Im  1955 

No.  81.  Estrua  Auaaapttiaa  asi  BaMi^tir  Daaaitias,  B.  SUaaamUa  ami  A.  L  CaU,  Jal  1955 

Sa.  RX.  Rstaiiasal  Fngsssaiu  ami  Abastptiss  CssMaiaais  of  Asasaptaiia  Casas.  5  A.  CbaaA  ami 

B.  D.  Eimmit,  Mm  I95A 

Ns.  RL  Isssapbsria  Efirrta  u  PsaiRuiag  sf  VAieiu  at  H! Jb  AtlilsRas,  9.  PfUtar  ami  T.  /. 
Bamaakaa,  Mar  /AAR. 

Ns.  84.  Pn>Tna|b  Rlatar  Prawpilsliu  Fsrscastisg,  P.  9.  Faaka,  Fai  1957, 


1 


Am  FOBC:  SIIRVKYS  IN  CEOJ’HfSCS  CmiUMwO 

No.  85.  C«<Mia||a«(ic  Fi«M  E»*Tf  ul«ti—  T«(A>i4|a«»  —  .4a  Lvalaaiin*  af  Jt  Poiaaoo  loUf^l  for  a 
Plaaa  (Vi,  J.  F.  llrC/ay  mmJ  F.  Fomim.  fa*  /057.  (SECkET  KtFOrt) 

No.  86.  nt  AROC  Ua6al  Ateoa^ara.  1956.  X.  A.  NiaaaaraaW  T  5.  kipitr.  Dee  1956, 

V'.  87.  Aa  Ejatiaata  al  l*a  lilaaMHaa  Raaga  ot  PataclaAililjr  af  Saiaaic  Sitp-'la.  ,V.  A,  Haekell,  Her 
1957. 

!\a.  88.  Saaa  Coacaata  la*  Pradictiag  Naclaar  Ciatsr  itia  (Vi,  F.  A.  CromAty,  Fek  1957.  (SECRET/ 
RESTRICTED  DATA  Report) 

Na.  99.  i'pft  Via4  Rayraaaatatiaa  aai  Fii^  Pt«aia|t  CriageitMt,  Mar  1957. 

Na.  90.  Raflactiaa  al  Paiat  Samea  Ha4iatiaa  Fm  a  LaaiAart  Plaaa  Oala  a  Plaaa  Racaivar,  4.  M. 

Gmasa.  Jal  ifS7. 

Na.  *1.  1%a  Variaiiaaa  al  AlBMapAaaia  IViaaMiaaivity  aa4  CIaa4  Ha*^  at  Wiaait,  T.  O.  Hei§,  aad 
r.  C  Mattaa.  Ul,  Jaa  195$. 

Na.  93.  Callactiaa  al  Aaauaia^at* ;  lalawaatiaa  Fat  CaiXwea  aa4  NaaifMiaa  (VX  ^  MaleUaaaat  M. 
SXmaaa,  R.  Mratatea  aaA  J.  MeClaj,  Aa^  i9S7.  (SECRET  Rapail) 

Na.  9*.  I  «•  Artsraojf  »l  Cia4  Dataaaiaatlaa  Fraa  tka  Track  al  a  Falliag  Ohjack  T.  Laltf  aad  S. 

I  caalai^  War  195$, 

No.  94.  'Satkaatiag  Sail  Haiaiara  aoA  Traetiaaaaiiitp  CaaAitiaaa  lar  Stmaae  Plaat.iag  (VX  Part  1  • 
Caaaral  aaAa*.  aaJ  part  2  >  Atylicatiaaa  aa4  iaMc^raiaaiaaa,  C,  1^  TkatatkiaUa,  J.  R. 

Modtcz,  S.  S.  C--U.  ^  L.  Z.  mal'amaa,  am  Sf5a  i  Vmaiaaaeiiaa  aapanX  ran  a  «  Avaaaga 
aail  ■ataatra  aaA  tncliaaakilily  taaOHaaa  ia  PelaaA  (VX  D.  $.  K,anar  aad  C.  E.  Maliaaaa,  Aag 
195$  (OOSFtDEHTIAL  RamattX  Part  4  .  Aaata^  aaU  Boiatan  aad  MctiaaaUUtr  eaaaitlaaa 
■a  Yagaalaaia  (VX  ^  a.  caraar  aad  C.  E.  Raliaaaa,  Ilafl959  (COhEUiEkTlAL  kepart) 

.Va.  Vi.  ftaJ  SyaaAa  50.800  (a  IWMMU  k'aat  maA  a  RalaaaA  Ballaaa  Pladam  Baai^  PraMaa  (UX  M. 

Uaaakia  aad  H.  Siaaaamima,  Jal  1957,  (SECRET  Repeat/ 

Na.  96.  Dac^lipaiaat  al  Miaaila  Paaija  RiaX  PaalUaa  iar  Paoiak  AFB.  AL  Slaaaaaaaa,  Mar  19$$. 

Na.  97.  Claa4  Baaa  Oacactiaa  kp  Alikaraa  Ra4ar,  R.  J.  Daaaldaaa,  Jr.,  Mat  19$$. 

N'..  “(*•  Vria  Fraa  Ait  Gxaetif  kaaaadiaa.  CaaM  Caataar  Carraa,  aa4  Rm  Aaaraaa  Dall*cii'<aa  af  Rm 

VarticaJ  (VX  9.  4.  Haitkaaaa,  (L  A.  VotiU  aad  0.  P.  filtiam*.  Mar  190.  (COMFIDESTIAL  Ra- 
poet) 

Na.  99.  Eaalaatiaa  al  A.N/CMP>3  liaR  Skaar  Data  tar  Oaaalaf  aat  al  Miaaila  Baat)^  CilMna,  AL 
Oaaaaia  oaR  R.  Siaaaeatdeta,  Apr  S95$. 

Na.100.  A  Pkaaaaiaaalaipaal  Tkaaty  al  4ka  Scaiiaa  al  Fitaka'I  Miaaaart  laRlwt  blaaallf  «lik  TialR  aaR 
AltiiaRa  (VX  M.  K.  Saa,  Apr  195$.  (SECRET  Rapaet) 

Na.lOl.  Eralaaliaa  al  Satallita  Okaarriao  Nanaart  fat  PrafacI  *'Sfaca  Track’*.  G,  R.  MirealXm  aad  M.  0. 
Cartia,  Jaa  1?$$, 

Na.103.  Aa  O^ataciaaal  $*a(aa  la  Maaaaaa.  Caeapata,  aad  Pitaaat  Kpptaadk  VIaiUlit|r  blataMIkai,  T.  0. 
Hedf  aad  9,  C,  Mortaa,  III,  Jaa  195$. 

Na.l0t.  HasacRa  ei  Ligkiaiaf  Diaektapa  ta  Airctak,  G.  A,  FaaaXar  aad  M.  0.  Ceatla,  Aa$  195$, 

Na.104.  Coattail  PraRieliaa  aa4  Prcvaalioa  (VX  C.  V  fXomale,  C.  E.  Amdartaa,  S.  J.  Blratala  aad  R.  A, 
Silatemaa,  Aag  195$.  (SECRET  Rapaet) 

.Na.  105.  MebaRa  al  ArtiAciai  Fan  Dicf  araal  aa4  Tkait  Etalaatfiia.  C.  E,  Jaapa,  Sap  19$$. 

Na.106.  Tktrtial  Ttrkai^aa  fat  naai^acita  Fca  Fraai  Aircrafl  Raaaafa.  C.  5.  DaaeeUa  aad  R.  B.  Sadtk, 

Sep  1951. 

Na.107.  Xeeaney  o(  HOF  Poaitioa  Fiiaa  is  Traekiap  Coaalaal-Laval  Dallaaaa,  X.  C.  GMaa  aad  R.  E, 
Fetaraaa.  adttad  *a  9.  K.  Wldeer,  ft..  Ore  IPSA. 

Ns.188.  Tka  Elfaci  af  ViaR  Errors  aa  SAOIXiaiRaR  Istsrccfts  (VX  E.  M.  Darleag,  Jr.  aad  C.  D.  Asm. 

Vet  19S9(CnXFrDEXTIAL  Report) 

Na.  109  Bafcsriat  al  Rtmaapparte  t>saail|r  f’lalilao.  A.  Sieaaaaaaa,  9,  S,  Replay  aad  A.  E.  Cola,  Dae  195$. 


AIR  TORCE  SURVEYS  IN  GECI’HYSIf:S  (Co«»im.«d) 


No.  110'  D«ten»ir'»t«»  “f  Sp«£«  Attitno#  ;U,),  I  E.  MtClaj  P.  •  .  Fongm,  So; 

1^9.  (HtCRET  Rtpart’ 

N*-.lil.  Fi««l  S«fo<t  oa  ExAmm  T»«il  Pfc*»ic»;  Projrct  T630,  TfSOR  (' ),  M.  H.  MrKjnn-i,  and 
H.  O.  Ck/fij.  Jml  19:.V.  (StCRtT  Rtporti 

Na.UX  Kzcwnt;  of  Mcm  C<oatR>|>4ic  ffi*4  Varton  aa  a  Faactiaa  of  Ftalioa  Nstwaii  Daa- 

ally,  H.  .4.  Stdmtla,  Jut  19S9. 

Na.113.  Aa  Ea<iaata  of  «ka  of  iSa  Aeoaatic  Sif^l  CaaetalsR  hf  aa  ICEU  Noaa  Coea  Rraatiy 

(VJ,  X  A.  iMuU.  ^a<  /*».  fCONFIDENTIAL  ktpott) 

Na.rii.  n*  Rala  ml  Hmd^mt,mm  im  SWA  Prr^tgatiss  .Afi.!:ca(>aaa  ta  All>la<la  aa4  YiaU  ScaliaK  of 

Naclaw  rmUIU  (VI  XX  Stmaad  A.  ».  Caaaa.  Sap  19S».  (Sf-CRET/kt^ffUCTED DATA  Rt-jcrt) 
Na-llS.  AIDC  »*a4a(  AMaapkart,  1959.  X  A.  Muttmtr,  X  S.  f.  CAaapiaa  aa<4  M.  L.  Pomd,  Amg  19S9. 
Ne.116.  Rafiaaaaata  ia  LUliaalioa  of  Coalaar  UkarU  foa  CliaMticalla  Spacifiaii  Ria4  ProRlea,  .4.  £. 
Cole,  Oct  !riS9, 

Na.117.  Oaaiifa  ViaR  ProfiUa  Froa  Japaaaaa  RoU)r  Seaadtag  Data.  X  Sissmamtat,  M-  T.  Uaikmm, 
amd  H,  .4.  Sa/wafa,  Dtc  1959. 

Na.118.  Uilitafy  '.ppiicatioaa  of  S  jparcaalad  ClooR  aaf  Faa  Dtoaipatiaa.  C.  .1  a-d  S.  A. 

iilmmrm  a,  Dme  /  959. 

Na.119.  Factor  Aaalyaia  omA  Supwiaa  Raptaaaiaa  ApplM  to  ika  24>-Hoor  IVa44ctiaa  of  SOOoak  Viado, 
Tanparalaroo,  mad  ilaipAta  Over  a  Silaol  Area  fVli,  E.  J.  AaEerl,  /.  .4.  Ltai,  A,  Tlcjtutall,  Jr,, 
aad  I.  J.  Pmtmiokmt.  Fmh  19H>.  (Cr»FIDESTlAl  ktrcii) 

.Na.120.  Aa  EatiaaMa  of  (VaciptlaUa  Vatar  Alaap  HipWAhitada  B*>  i'atfea,  Mtaraf  CataUX  >tar  I960. 

Na.121.  Aaalpiiap  aad  Faaaaaatiaf  Matacaalapfral  CaaditF-ja  ia  tka  Uppar  Trapoopkata  aad  Laaaa 
Staataopkara.  K.  If.  Eadliek  aad  C.  S,  dcLaaa.  Apr  I960. 

Aaalpaia  aad  IVadiccioa  af  ika  SOOiak  Scafara  ia  a  Siiaal  Ar*a,  (H  f.  .4,  AaEart,  Nap  I960. 
(COHFIUESTIAL  Mapartk, 

N«.IZI.  A  ffc Wa» ioa-Pep aait iaa  Medal  far  la.F1igM  Ralaaaa  af  Fiaaiaa  Feagaiaala,  M.  L.  Barad, 

9.  A,  Haagam,  aad  I.  /.  Fafaaf,  Jam  f959. 

Ma.lH.  Raaaarak  aad  Drvalapaaal  ia  tka  Fiald  of  Caaawic  Saiaaao.  C.  E.  Ewiaa,  Aa6  I960, 

Na.lS.  Fatraiar  Volar  Srarjatico  -  A  liatkad  af  Appiicatiaa,  /.  /.  Crt^araaa,  /aa  I960. 

.\a.l94^  Natao  oa  l!:r  Virtcoaaiopjr  af  tka  Trapital  Faaific  aad  Soatkaaat  Aaia,  F.  D,  Natal,  Jam  I960, 

Na.U’7,  laaaatiaalioaa  of  ica4'raa  Silaa  fnr  AirrraU  'aadiapa  ia  Eaac  Graaaiaaa,  1969,  J.H.  Haatakera, 
G.  E.  Stoartt,  A.  A.  Kaaar,  aad  S.  \  Daaia,  (ta  ha  paUiahadJ 

'•<i,l2X  Caida  far  Cnapiattiaa  af  iUriocatal  Ca-jdatic  Sanrava,  H.  M.  KtdUar  aad  A.  4.  Key,  Dae  I960. 
Na.179.  Aa  laaaotipalioa  ad  a  Paraaoiallp  Froiea  laaa,  D.  F.  Baraaa,  Dae  I960. 

Na.lVO.  Aoaliii,\  Spri.ifieatioa  af  Mapaatic  Fialda,  P.  F.  foapara,  Dae  I960.  (CONHDEfiTtAL  Fepart) 
,\a.l3i.  Aa  lavaotiaotina  of  S^nkol  f'rtjisn  -  a  RrolArr  Data  Traaxniwioa,  P.  I.  Ilwrtkl  rg,  Lc.:  I960 


.Na.PZ  Evalaatiua  «/  aa  lecFtw  l^ad  Sta  and  Koaollo  of  U-IYO  Aircraft  Taat  l^tdiapa  — 

^0(0110  iV&.tiaBtarv.  No.  (o.*'t'load7  19.h>I9o9.  V,  \eadlemaa.  L.  a7«cI7  G,  L,  mounaaM,  Nor  1961. 

Na.lU.  1  ffoilivoaoM  ’A  lha  NACr  Svataot  lo  Hrlalioa  t»  9ia<f  foracaot  ('apakiiilp  (I'J, 
i,  0.  Ifa'lutg,  Jr.,  aad  topi  C.  U.  Km,  day  1961.  fCOSHDESTHL  Raftat) 
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